Abstract
Introduction
CHartographY) operating in the spectral range from 30 240 to 2400 nm onboard ENVISAT (Bovensmann et al., 31 1999; Gottwald, 2006) . SCIATRAN is a comprehensive 32 software package (Rozanov et al., 2002; (Bulgarelli et al., 1999; Fell 67 and Fischer, 2001; He et al., 2010; Jin et al., 2006; Ota 68 et al., 2010; Zhai et al., 2010) , only the COART model 69 (Jin et al., 2006) permits an online usage by providing a 70 set of input parameters; however, the source code is not for the diffuse component only (Chandrasekhar, 1950 
Ið0; XÞ ¼ 0; l > 0; ð11Þ according to Snell law (Born and Wolf, 1964) as wind-roughened ocean surface in the left panel of Table 1   314 should be rewritten as follows: 
where T wa (X, X 0 ) denotes the angular transmission proper-325 ties of the air-water interface for illumination from below.
326
The last term in Eq. (17) describes the so called water leav-327 ing radiation which is introduced here instead of approxi- Table 1 UBC, LBC, and J s of the uncoupled radiative transfer model.
Atmosphere Ocean
Wind-roughened ocean surface
Flat ocean surface the direct solar radiation in the ocean is obtained as follows: 
408
Comparing the boundary conditions of the uncoupled 409 and coupled RT model given in Tables 1 and 2, respec-410 tively, one can see that UBC for the ocean contains the Table 2 UBC, LBC, and J s for coupled ocean-atmosphere model.
Atmosphere Ocean
Wind-roughened ocean surface ocean is written in the following symbolic form: Table 3 Optical properties of natural waters implemented in SCIATRAN.
Total spectral absorption coefficient of seawater a(k, C): and Fry, 1997) .
Chlorophyll related absorption coefficient: 
Volume scattering function of pure water at 90°s cattering angle:
Total scattering coefficient of pure water: (Table 4) into b w (k, 90°). Table 3 . We note that 454 The approximation of pure water angular scattering 455 coefficient given by Morel (1974) and Shifrin (1988) 456 refers to measurements at T = 20°C and depolarization 457 ratio d equal to 0.09 at atmospheric pressure.
458
The salinity adjustment factor is set to [1 + 0.3S/37] 459 according to Morel (1974) and Shifrin (1988) result is within the error bars (Mobley et al., 1993) . Except 572 for this specific depth, the FEM model results (Bulgarelli 573 et al., 1999) are within the error bars also. Table 4 General constants and parameters of the volume scattering function according to Buiteveld et al. (1994) .
Refractive index of water, where refractive index of air is set to 1
Buiteveld:
] ( Lepple and Millero, 1971 ) ( Farinato and Roswell, 1976) Table 5 Results for optically semi-infinite and vertically homogeneous ocean with the Rayleigh volume scattering function (test problem 1). fully reproduce all considered test scenarios. In particular, Table 6 Results for optically semi-infinite and vertically homogeneous ocean with the Petzold volume scattering function (test problem 2). (2001)), and FEM (Â, Bulgarelli et al. (1999) ) models in relation to the average value () and standard deviation (>\) as given in Mobley et al. (1993) . Fig. 3 . Results for the test problem 4 obtained with the SCIATRAN model setting asymmetry factor and single scattering albedo of aerosol to 0.7 and 1.0 (Â), and to 0.7 and 0.9 (+) in relation to the average value () and error bar (>\) as given in Mobley et al. (1993 slope as given by Cox and Munk (1954) , Cox and Munk 638 (1954) , the pure seawater and hydrosol volume scatter-639 ing functions were used according to Buiteveld et al. 640 (1994) and Kopelevich (1983) Gordon approximation (Gordon, 1973 The enhancement of differences between measured and 727 modelled spectra in the spectral range 600-900 nm can be RT models used to solve selected well-defined test prob-747 lems, covering specific aspects of the radiative transfer in 748 the ocean-atmosphere system (Mobley et al., 1993) ity of the inherent optical parameters and can be significant 
